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Object ive 

The objec t ive  of t h i s  inves t iga t ion  is t o  f u r t h e r  develop instrumenta- 

t i on  f o r  shock tunnel s tud ie s  of tu rbulen t  boundary layers  and t o  obta in  pre-  

l iminary experimental in formgt im i n  t h e  bocndary l aye r  o f  the bypersonic 

shock tunnel nozzle.  

Electron Beam Density Probe 

A s igni f icant  increase i n  the  beam curren t  obtainable  with the  

equipment t o  be used i n  t h e  shock tunnel t e s t s  has been achieved by using a 

magnetic focusing c o i l  between the open chamber and d r i f t  tube.  

beam curren t  of  approximately 100 microamps had been typical of operat ion 

without t h e  focusing c o i l ,  now beam curren ts  o f  approximately 4 milliamps 

(40 times t h e  previous value) a re  being achieved f o r  the  same filament 

cu r ren t .  

r a d i a t i o n  r e l a t i v e  t o  background r ad ia t ion  and r e l a t i v e  t o  system noise  

l e v e l s .  

dens i ty  f luc tua t ions  as d i s t i n c t  from system noise  remains f o r  f u r t h e r  

i nves t iga t ion .  

record  a l imi ted  number of da ta  poin ts  with s u f f i c i e n t  frequency range t o  

permit a s p e c t r a l  ana lys i s .  

Whereas a 

This improvement i n  performance should increase  the  beam st imulated 

Whether t h e  improvement i s  s u f f i c i e n t  t o  permit recording of the  

However, e f f o r t s  w i l l  be made i n  the  shock tunnel program t o  



In the previous progress report the possibility had been raised that 

extension of the bandwidth of recorded light to include the N2 second positive 

band systems might extend the linear operating range to higher densities. 

However, some recent experiments conducted at CAL independent of this contract 

have indicated that secondary electrons may play a significant role in the 

N 2P emission. 

important. 

Thus the ambient translational temperature of the gas may be 2 
Although experiments at General Electric by Boyer and Muntz (Ref.1) 

indicated no temperature effect between static temperatures in a flowing gas 

of 80°K and 210°K, the experiments planned here will record densities in 

turbulent boundary layers with static temperatures as high as approximately 

2000'K while the calibrations of photomultiplier output versus density will 

be obtained at room temperature (300'K). 

to continue to use the filters admitting the 0-0 and 0-1 bands of the N 

first negative system. 

The present intention, therefore, is 
+ 

2 

The calibration will be extended to the pumping limits 

set by the requirement to maintain a low pressure in the gun chamber, with the 

intention of using the nonlinear portion of the calibration curve to achieve 

sufficiently high densities (equivalent pressures of 2 mm Hg and above). 

Pitot Probe Development 

The Air Force-sponsored development of a fast response, 1/8-inch, pitot 

pressure probe has essentially been completed with the running of a series 

of four evaluation runs in the shock tunnel. The probe response with the 

exposed (flush) diaphragm has proved to be somewhat erratic when compared 

with the response of probes having a cap placed over the end of the probe. 

With protective caps, three 1/8-inch probes tested simultaneously in the 

shock tunnel agreed to within one percent. The probes with unprotected 



diaphragms var ied  by 20 percent  and yielded i r r e g u l a r  t r a c e  shapes. The cap 

has a small o r i f i c e  and a small gas volume above t h e  diaphragm, which, i n  

p a r t ,  produces a favorable  degree o f  viscous damping o f  t h e  f luc tua t ing  

pressure  t o  which t h e  probe i s  exposed. 

response t o  t r a n s i e n t  hea t ing ,  probes were exposed t o  f l a s h  bulbs .  

probes with p ro tec t ive  caps were found t o  be less s e n s i t i v e  t o  t h e  r ad ian t  

hea t  t r a n s f e r  t o  t h e  probe surfaces  than t h e  f lu sh  diaphragm configurat ion,  

even when it was covered with a pro tec t ive  coat ing of rubber and f o i l .  The 

f l u s h  diaphragm configurat ion had been viewed as t h e  most des i r ab le  f o r  t he  

boundary l aye r  tests because o f  i t s  d i r e c t  response t o  stream dynamics and 

because it provides as a means of  avaiding t h e  apparent acous t i c  resonance 

effects. 

which used probes with m i n i m u m  tube lengths of  3/8-inch from the  probe t i p  t o  

t h e  t ransducer  diaphragm. 

with a small gas cavi ty  i s  des i rab le  as a means o f  suppressing la rge  amplitude 

f luc tua t ions  which might themselves introduce e l e c t r i c a l  non- l inea r i t i e s  and 

i s  also des i r ab le  a s  a means of  thermal pro tec t ion  f o r  t he  s e n s i t i v e  c r y s t a l .  

A s  a means of  checking the  gage 

The 

Apparent resonance e f f e c t s  had been observed i n  an earlier test 

However, it now appears tha t  a p ro tec t ive  cap 

Shock Tunnel Boundary Layer Experiments 

During t h i s  repor t ing  per iod  the  design and construct ion of  a l l  t h e  

necessary spec ia l  t e s t  hardware has been completed, including an instrumented 

nozzle  extension f o r  t h e  contoured, Mach 8 nozzle;  t he  l i g h t  co l l ec t ing  

system o f  lenses ,  f i b e r  o p t i c s  bundles, and photomul t ip l ie rs ;  the  p i t o t  

p re s su re  rake f o r  t h e  1/8-inch probes; and a shortened d r i f t  tube sec t ion  for 

t h e  end of the  e l ec t ron  gun. 

of  t h e  tes t  hardware was i n  progress i n  prepara t ion  f o r  t he  test  program, 

p r e s e n t l y  t e n t a t i v e l y  scheduled t o  begin 23 October 1967. 

A t  t h e  end of the  period,assembly and i n s t a l l a t i o n  



Following a short series of runs to evaluate possible interference effects 

between the electron beam, wall instrumentation and pitot probes, boundary 

layer measurements of density and pitot pressure will be made simultaneously 

with wall measurements of pressure, heat transfer, and skin friction. 

actual test conditions will depend on the calibration limits for the electron 

beam and the number of test conditions run will depend on the effort required 

to achieve quality data and on the funds remaining in the contract. In order 

of priority the tentative test conditions are listed in Table 1. 

The 

Current Status and Future Plans 

A set of drawings showing the test equipment is being sent under separate 

cover to Mr. Ivan Beckwith, NASA Langley Research Center. During the next 

reporting period it is planned that shock tunnel testing and data reduction 

will be completed and that analysis of the experimental results will be 

essentially completed. As of 30 September 1967, funds expended on this 

contract were $118,005 toward an authorized total cost of $148,712. 
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